compared with gym-based maintenance exercise amongst adults with a variety of chronic conditions who had completed a short-term supervised exercise program led by a health professional.
Therefore, the study question for this economic analysis of that randomised trial was:
What is the comparative cost-effectiveness of a gym-based maintenance exercise program versus a home-based maintenance program with telephone support for adults with chronic health conditions who have previously completed a short-term, supervised group exercise program?
Method

Design
This economic evaluation was a comparative, trial-based, incremental cost-utility analysis conducted from a societal perspective. It used data collected as part of a single-centre, two-arm, comparative effectiveness, randomised, controlled trial with a 12-month follow-up time horizon. A detailed description of trial design, participants, interventions, and outcomes has previously been published. 7 A brief description of these methods is now provided.
Participants
Participants in the trial (n = 105) were recruited from a pool of adults who had completed a 6-week exercise program supervised by exercise physiologists at Cardina Casey Community Health Service, which is a publicly funded, community health service in Melbourne, Australia. The characteristics of the participants are presented in Table 1 .
Interventions
Participants allocated to the gym-based intervention were given a 12-month individualised gym-based exercise program and health coaching 8 supervised by an exercise physiologist trained in the Health Coaching Australia model from the Cardina Casey Community Health Service. This exercise physiologist had been involved in providing the short-term, supervised exercise program conducted earlier at Cardina Casey Community Health Service. Participants were required to pay the standard casual entry fee of AUD5 per visit to the gym. The home-based intervention with telephone support group were given a 12-month individualised home-based exercise program and health coaching. 8 The same exercise physiologist who provided the gym-based program also provided the home-based intervention. The participants' home-based exercise program was monitored via five telephone calls over the first 10 weeks, each approximately 30 minutes in duration. The total time in minutes to complete the five phone calls for each participant was intended to be comparable to that spent supervising each participant in the gym over a 12-month intervention period. All participants were encouraged to complete a 1-hour exercise session, as prescribed by the exercise physiologist, three times per week. 
Outcome measures
Primary outcome
The primary outcome of the cost-effectiveness analysis was quality-adjusted life years (QALY) lived, derived from repeated assessments every 3 months of health-related quality of life using the European Quality of Life Instrument (EQ-5D-3L). 9 An overall utility score was obtained using the Dolan utility formula. 10 
Secondary outcomes
Health service resource use was measured using Pharmaceutical Benefits Scheme and Medicare Benefits Schedule data extracted by Medicare Australia with participants' consent. 11 Participants kept a logbook detailing direct healthcare costs not captured within these databases, including hospitalisations (including number of days and reason for admission), number of appointments with complementary health professionals, and purchases of over-the-counter medications. The Health and Labour Questionnaire captured data describing indirect costs (productivity) gains or losses. 12 Data for cost and clinical outcomes were collected by a blinded research assistant at a face-to-face interview at baseline, 6 months and 12 months, and via a telephone interview at 3 and 9 months. Reliability of using telephone approaches for collecting the EQ-5D-3L and related outcomes in similar populations has previously been established. 13 
Valuation of cost
All costs were calculated in Australian dollars (AUD) using 2011 as a base year. The value of medications purchased through the Pharmaceutical Benefits Scheme were contained within this database. The value of pathology, radiology, general practitioner, allied health, nurse, specialised physicians, dentists, therapeutic and diagnostic procedures purchased through the Medical Benefits Scheme were contained within this database. The value of paid work productivity was calculated using the participants' individual wage rate multiplied by 1.3 to cover employment on-costs (for sick leave and superannuation entitlements). Unpaid productivity was valued using market wage rates and on-costs for the private sector services to be employed to complete activities of daily living normally undertaken by each participant. The cost of acute day and overnight hospitalisation during the intervention period was valued using the Victorian Weighted Inlier Equivalent Separation case mix funding system at 2011 using patient recall of length of stay and reason for admission as inputs.
14 Other direct health costs such as complementary treatments, over-the-counter medications and health practitioner costs not captured by Medicare Australia, as well as home nursing, meals on wheels and home help, were valued using local market prices. Costs specific to the receipt of each intervention were also included. The cost to the participant of completing the gym intervention was the casual gymnasium entry fee of AUD5 per session. The investigators included an additional AUD5 per session value for transportation costs of travelling to and from the gym that the participant was likely to have encountered. There was no cost to the participant to complete the home-based exercise program. Health service costs related to provision of each intervention were valued using local wage rates (exercise physiologist Grade 2, year 4, which is equivalent to a Victorian public allied health professional with 4 years of experience) multiplied by 1.3 to cover employment on-costs.
Data analysis
A comparative, incremental cost-utility analysis was conducted. The base analysis was conducted from a societal perspective. Healthcare costs over the 12-month follow-up period were summed within individual participants. Productivity measures were converted to an overall change in productivity relative to productivity at baseline using an area under the curve approach. A total cost variable was calculated for each participant by summing all costs across a 12-month time horizon for both intervention groups. All costs were compared between groups using the non-parametric rank sum test and t-test (Table 2 ). Health effects measured using the EQ-5D-3L were converted to QALYs gained (relative to baseline utility levels) using an area under the curve approach. Within this area under the curve approach, participants who missed follow-up appointments (25 participants, 38 assessments) had their missing data imputed using a last observation carried forward approach. There was also one participant whose measurements of direct healthcare costs were not provided due to administrative error. The study average was imputed for this participant.
The incremental cost-effectiveness formula used was:
Costs ðhomeÞ À Costs ðgymÞ QALY ðhomeÞ À QALY ðgymÞ
The difference in costs was calculated using linear regression, while the difference in QALY was also calculated using linear regression.
Uncertainty in this incremental cost-utility analysis was investigated using bootstrap resampling; 2000 replications of the analysis dataset size (n = 100) were conducted. These bootstrap replications were plotted on a cost-effectiveness plane and a 95% confidence ellipse was constructed.
Sensitivity analyses were conducted by changing the perspective of the economic evaluation to be from the patient perspective and health service perspective. For the patient perspective, public subsidies for access to health services and medications were not included. For the health service perspective, patient out-of-pocket costs and productivity costs were not included. An alpha criterion level was set at p = 0.05 for all analyses. All analyses were conducted using commercial software. a
Results
Characteristics of participants
A summary of the sample demographics is presented in Table 1 . Participants in the two groups appeared to be broadly similar across the outcomes collected.
Incremental cost-effectiveness using randomised, controlled trial data
The total cost of providing the gym-based follow-up approach was approximately AUD4,000 greater per participant than the home-based approach (Table 2 ). This was not predominantly caused by differences in the comparative cost of delivering the interventions, but appeared to be largely driven by hospital overnight costs (approximately AUD1,200 difference per patient) with this cost being higher in the gym-based group. The difference between groups in this line item was not significant when considered in isolation, possibly given the highly skewed nature of this data; medians and IQR values for both groups were all AUD0, indicating that a relatively small number of patients contributed large cost values to the overall evaluation of this outcome. The primary analysis using a societal perspective identified that an additional AUD491,572 at 2011 values would need to be spent in order to gain 1 QALY using the gym-based follow-up approach compared with the home-based approach. Investigation of uncertainty in this finding identified that 54% of the bootstrap replications of this data had a point estimate where the gym-based intervention was both more effective and costlier than the homebased intervention. There was a 5% probability that the gym-based intervention was both more effective and less costly than the home-based intervention, while there was a 37% probability that the home-based approach was both less costly and more effective than the gym-based approach (Figure 1) .
The sensitivity analysis conducted from a health service perspective identified that the gym-based intervention would cost the health service an additional AUD284,858 at 2011 values to gain 1 additional QALY compared with the home-based approach. There was similar uncertainty in this approach as compared with the primary analysis, as there was a 40% probability that the home-based approach was both less costly and more effective than the gym-based approach (Figure 2) .
The sensitivity analysis conducted from a patient perspective identified that the gym-based intervention would cost patients an additional AUD206,714 at 2011 values to gain 1 additional QALY compared with the home-based approach. There was similar uncertainty in this finding to that identified in the previous analyses, as there was a 29% probability that the home-based approach was both less costly and more effective than the gym-based approach (Figure 3 ).
Discussion
Stakeholders would need to be willing to pay AUD491,572 for 1 QALY in order to justify providing the gym-based follow-up in preference to the home-based follow-up. This value is well in excess of the National Institute for Health and Clinical Exercise 15 cost-effectiveness threshold range of AUD34,200 to 51,000. However, this finding should be seen in its appropriate context. The uncertainty of these finding suggests that if either intervention is already established in a community setting, then the other intervention is unlikely to replace it in an efficient manner. To date, no economic evaluation has been published examining the comparative efficiency of the two leading approaches for encouraging ongoing exercise adherence in people with chronic health conditions who have completed a supervised exercise program. One trial was identified that conducted an economic evaluation of a community gym program for people with chronic disease; however, this was compared to a 'no intervention' control. 16 Thus, there were few insights that could be gained in terms of likely efficiency compared to other intervention approaches that could be employed.
A limitation of the current study was that the estimates of the comparative, incremental cost-utility of the interventions were highly uncertain. Factors contributing to this were the overall sample size from the randomised trial, and the highly skewed nature of some cost variables. Conducting economic evaluations alongside randomised trials can often lead to uncertain outcomes, as the sample size required to address the trial primary end-point may be different to that required for the economic evaluation. 17 Healthcare costs can often be very skewed, as was observed for the 'overnight hospital cost' variable in the present study. This skew in distribution also added to the uncertainty when examining mean cost values. Another limitation was the cost difference in service delivery between the two interventions. When conducting a randomised trial, it is impossible to predict the number of patients that will be present in each group at any point in time. This was not a problem for the home-based exercise program with telephone follow-up group where resources were consumed only on an as-required basis. However, for the gym-based follow-up, the health service needed to send the exercise physiologist to the gym regardless of how many study participants were there. Hence, the same total cost was accrued regardless of whether there was one participant there or 10.
Our finding of considerable economic uncertainty along with the lack of empirical evidence of exercise adherence interventions for this patient population raises questions about the value of these programs. The primary randomised, controlled trial found no difference in primary and secondary outcomes between intervention groups, except for fewer depressive symptoms in the gym-based group. 7 Future research needs to compare the efficiency and effectiveness with a 'no follow-up' control to inform clinical decision-makers about which intervention is most worthwhile prescribing. Although we observe that people with chronic disease lose the gains made from participating in physical activity programs if they cease exercising, it is unclear whether strategies aimed at enhancing participation in exercise after completion of the initial program are worth pursuing. It may also be worthwhile testing these questions across different locations with varying socioeconomic backgrounds because how participants respond to these different follow-up strategies may vary on this basis. The gym-based follow-up approach was more costly than the home-based approach; this observed difference was not driven by differential costs of intervention delivery. These additional costs are unlikely to be justified by the difference in health outcomes attained by those allocated to these approaches. Further research conducted across multiple socioeconomic groups and with an additional no-intervention comparison group is warranted to further inform clinical decision-making in this area.
What is already known on this topic: Adults with a chronic disease who had completed a supervised exercise program and randomised to either a gym-based maintenance exercise program or a home-based maintenance exercise program with telephone support achieved similar outcomes 1 year later. To date, there is no comparative economic evaluation of the two maintenance strategies. What this study adds: The gym-based approach was more costly than the home-based maintenance intervention with telephone support. The uncertainty of these finding suggests that if either intervention is already established in a community setting, then the other intervention is an unlikely option to replace it in an efficient manner.
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